Modification of histidines in human prothrombin. Effect on the interaction of fibrinogen with thrombin from diethyl pyrocarbonate-modified prothrombin.
Diethyl pyrocarbonate (ethoxyformic anhydride) was used to modify histidyl residues in prothrombin. Diethyl pyrocarbonate inactivated the potential fibrinogen-clotting activity of prothrombin with a second-order rate constant of 70 M-1 min-1 at pH 6.0 and 25 degrees C. The difference spectrum of the modified protein had a maximum absorption at 240 nm which is characteristic of N-carbethoxyhistidine. The pH dependence for inactivation suggested the participation of a residue with a pKa of 6.2. Addition of hydroxylamine to ethoxyformylated prothrombin reversed the loss of fibrinogen-clotting activity. No structural differences were detected between the native and modified proteins using fluorescence emission and high-performance size-exclusion chromatography. The tyrosine and tryptophan content was not altered, but approximately 1-2 amino groups were modified. Statistical analysis of residual enzyme activity and extent of modification indicates that among 7 histidyl residues modified per molecule, there is 1 essential histidine (not in the active site) involved in the potential fibrinogen-clotting activity of prothrombin. To further examine its properties, the modified prothrombin was activated to thrombin using Echis carinatus venom protease. There was no difference in the catalytic activity of thrombin obtained from either native or ethoxyformylated prothrombin, as measured by H-D-Phe-pipecolyl-Arg-p-nitroanilide (D-Phe-Pip-Arg-NA) hydrolysis. However, thrombin produced from the modified protein showed a loss of fibrinogen-clotting activity but had a comparable apparent Ki value (about 20 microM) to thrombin from native prothrombin when fibrinogen was used as a competitive inhibitor during D-Phe-Pip-Arg-NA hydrolysis. The similarity in Ki values indicated that thrombin derived from diethyl pyrocarbonate-modified prothrombin does not have an altered fibrinogen-binding site. Although the histidyl residue involved during inactivation has not been identified, the results suggest that a histidyl residue in the thrombin portion of prothrombin is essential for interaction with fibrinogen.